Currently, thirty-two zinc, thirty-two selenium, twenty-nine bromine and thirty-one neodymium isotopes have been observed and the discovery of these isotopes is discussed here. For each isotope a brief synopsis of the first refereed publication, including the production and identification method, is presented.
5.4.

Introduction
The discovery of zinc, selenium, bromine, and neodymium isotopes is discussed as part of the series summarizing the discovery of isotopes, beginning with the cerium isotopes in 2009 [1] . Guidelines for assigning credit for discovery are (1) clear identification, either through decay-curves and relationships to other known isotopes, particle or γ-ray spectra, or unique mass and Z-identification, and (2) publication of the discovery in a refereed journal. The authors and year of the first publication, the laboratory where the isotopes were produced as well as the production and identification methods are discussed. When appropriate, references to conference proceedings, internal reports, and theses are included. When a discovery includes a half-life measurement the measured value is compared to the currently adopted value taken from the NUBASE evaluation [2] which is based on the ENSDF database [3] . In cases where the reported half-life differed significantly from the adopted half-life (up to approximately a factor of two), we searched the subsequent literature for indications that the measurement was erroneous. If that was not the case we credited the authors with the discovery in spite of the inaccurate half-life.
The first criterium excludes measurements of half-lives of a given element without mass identification. This affects mostly isotopes first observed in fission where decay curves of chemically separated elements were measured without the capability to determine their mass. Also the four-parameter measurements (see, for example, Ref. [4] ) were, in general, not considered because the mass identification was only ±1 mass unit.
The second criterium affects especially the isotopes studied within the Manhattan Project. Although an overview of the results was published in 1946 [5] , most of the papers were only published in the Plutonium Project Records of the Manhattan Project Technical Series, Vol. 9A, Radiochemistry and the Fission Products, in three books by Wiley in 1951 [6] . We considered this first unclassified publication to be equivalent to a refereed paper.
The initial literature search was performed using the databases ENSDF [3] and NSR [7] of the National Nuclear Data
Center at Brookhaven National Laboratory. These databases are complete and reliable back to the early 1960's. For earlier references, several editions of the Table of Isotopes were used [8] [9] [10] [11] [12] [13] . A good reference for the discovery of the stable isotopes was the second edition of Aston's book "Mass Spectra and Isotopes" [14] .
Discovery of 54−85 Zn
Thirty-two zinc isotopes from A = 54−85 have been discovered so far; these include 5 stable, 11 neutron-deficient and 16 neutron-rich isotopes. According to the HFB-14 model [15] , 93 Zn should be the last odd-even particle stable neutron-rich nucleus while the even-even particle stable neutron-rich nuclei should continue through 106 Zn. The proton dripline has been reached at 54 Zn, but 53 Zn could live long enough to be observed [16] . About 16 isotopes have yet to be discovered corresponding to 33% of all possible neodymium isotopes. Figure 1 summarizes the year of first discovery for all zinc isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive zinc isotopes were produced using fusion evaporation reactions (FE), light-particle reactions (LP), neutron induced fission (NF), neutron-capture reactions (NC), spallation reactions (SP), pion-induced reactions (PI) and projectile fragmentation or fission (PF). The stable isotopes were identified using mass spectroscopy (MS). Light particles also include neutrons produced by accelerators.
In the following, the discovery of each zinc isotope is discussed in detail and a summary is presented in Table 1 . Undiscovered, predicted to be bound [34] were incorrectly assigned to 65 Zn. Also, 65 Zn had been incorrectly observed to be stable [28, 35] .
and Zinc" [29] . Zinc isotopes were identified with the positive-ray apparatus using a zinc anode. MeV protons were used to bombard molten germanium and the isotopes were identified at the ISOLDE facility. Activities were collected on a moving-tape system and moved to a detector or to aluminum strips for off-line measurements. "From a least-squares analysis, assuming two decay components, the half-life of 73 Zn is determined to be 23.5 ± 1.0 sec.. . . The half-life of 74 Zn was found to be 98 ± 2 sec, from a multiscaling analysis of the gross β-decay, in agreement with the value extracted from the γ-multi-analysis measurements. . ." The half-life of 73 Zn corresponds to the accepted value and the half-life of 74 Zn is included in the determination of the currently adopted value. Isotopes of Zinc, Gallium, Germanium and Arsenic" in 1977 [42] . Fission products from the R2-0 reactor at Studsvik were detected by the OSIRIS separator facility. "The γ-lines depopulating lower levels have also been used as gates but the coincident β-spectra have the same end-point energies as those feeding the levels around 2 MeV thus proving the large β-feeding to this region... The resulting Q β value for 77 Zn is Q β = 6.91 ± 0. Zn 50 " in 1991 [47] . A 238 UC-graphite target was irradiated with 600 MeV protons from the CERN synchro-cyclotron and the fragments were separated and identified with the ISOLDE on-line mass separator. "During the experiment, three further new isotopes could be identified, i.e. 77 Cu, 81 Zn, and 84 Ga, the latter two lying even 'beyond' the r-process path..." The reported half-life of 290 (50) ms is included in the currently accepted value of 0.32(5) s.
82,83 Zn
Bernas et al. observed 82 Zn and 83 Zn for the first time in 1997 as reported in their paper "Discovery and cross-section measurement of 58 new fission products in projectile-fission of 750·A MeV 238 U" [48] . Uranium ions were accelerated to 750 A·MeV by the GSI UNILAC/SIS accelerator facility and bombarded a beryllium target. The isotopes produced in the projectile-fission reaction were separated using the fragment separator FRS and the nuclear charge Z for each was determined by the energy loss measurement in an ionization chamber. "The mass identification was carried out by measuring the time of flight (TOF) and the magnetic rigidity Bρ with an accuracy of 10 were produced using heavy-ion fusion-evaporation reactions (FE), light-particle reactions (LP), neutron capture (NC), neutron-induced fission (NF), photo-nuclear reactions (PN) and projectile fragmentation or fission (PF). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are all nuclei with an atomic mass larger than A=4 [50] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each selenium isotope is discussed in detail and a summary is presented in Table 1 . 65 Se was produced in the fusion-evaporation reaction 40 Ca( 28 Si,3n) and the recoil products were deposited on a moving tape collector with a helium-jet setup. Beta-delayed protons were detected with a Si-Si detector telescope. "A single 
Discovery of 70−98 Br
Twenty-nine bromine isotopes from A = 70−98 have been discovered so far; these include 2 stable, 10 proton-rich and 17 neutron-rich isotopes. According to the HFB-14 model [15] , 116 Br should be the last odd-odd particle stable neutronrich nucleus while the odd-even particle stable neutron-rich nuclei should continue through 119 Br. The proton dripline has been reached and no more long-lived isotopes are expected to exist because 69 Br has been shown to be unbound with a half-life of less than 100 ns [87] . A previous report of the observation of 69 Br [54] was evidently incorrect. About 20 isotopes have yet to be discovered corresponding to 41% of all possible bromine isotopes. Figure 3 summarizes the year of first discovery for all bromine isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive bromine isotopes were produced using heavy-ion fusion-evaporation reactions (FE), light-particle reactions (LP), neutron induced fission (NF), proton capture reactions (PC), photo-nuclear reactions (PN), spallation (SP), and projectile fragmentation of fission (PF). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are all nuclei with an atomic mass larger than A=4 [50] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each bromine isotope is discussed in detail and a summary is presented in Table 1 . produced by Means of Surface Ionization" [89] . 71 Br was produced by bombarding a niobium-powder and a UC-graphite target with 600 MeV protons at the CERN ISOLDE facility. The isotope was separated and identified with a negative surface-ionization source. "During periods of several weeks the source has been used for a number of on-line experiments and has allowed the identification of a series of new nuclei. [104] had been previously reported without a unique mass assignment.
88 Br
The discovery of 88 Br was reported by Sugarman in the 1948 publication "Short-Lived Halogen Fission Products" [109] . 88 Br was produced in the fission of irradiated uranyl nitrate. Activities were measured following chemical separa- Table] . Halogens produced by means of Surface Ionization" [89] . The bromine isotopes were produced by bombarding a niobiumpowder and a UC-graphite target with 600 MeV protons at the CERN ISOLDE facility. The isotopes were separated and identified with a negative surface-ionization source. "During periods of several weeks the source has been used for a number of on-line experiments and has allowed the identification of a series of new nuclei. Nd should be the last odd-even particle stable neutron-rich nucleus while the even-even particle stable neutron-rich nuclei should continue through 196 Nd. At the proton dripline six more isotopes could be observed ( 120 Nd through 124 Nd, and 126 Nd). It is estimated that six additional nuclei beyond the proton dripline could live long enough to be observed [16] . About 47
isotopes have yet to be discovered corresponding to 60% of all possible neodymium isotopes. Figure 4 summarizes the year of first discovery for all neodymium isotopes identified by the method of discovery.
The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive neodymium isotopes were produced using fusion evaporation reactions (FE), light-particle reactions (LP), neutron induced fission (NF), spontaneous fission (SF) and spallation reactions (SP). The stable isotopes were identified using mass spectroscopy (MS). Light particles also include neutrons produced by accelerators. In the following, the discovery of each neodymium isotope is discussed in detail and a summary is presented in Table 1 . Cd. The isotopes were identified with the BEMS-2 isotope separator. "In the present paper, isotopes were mainly identified by measuring the γ-ray and X-ray spectra of the daughter nuclei formed as a result of measuring the β + decay. In addition, the decay curves of the total β-activity of given isobars have been measured." The reported half-life of 5.9(6) s for 129 Nd is close to the accepted value of 4.9(2) s. The half-life of 28(3) s for 130 Nd is within a factor of two of the currently accepted value of 13(3) s.
The half-lives of 24 (3) [123] . Spallation reactions were induced by 660 MeV protons irradiating a gadolinium target at the Joint Institute for Nuclear Reactions in Dubna, Russia. The reaction products were then chemically separated and identified by the measured γ-ray spectra. " 
5.6.
Zhelev et al. [124] . [140] . 148 Nd was identified in the mass spectrum produced by a spark between neodymium electrodes. "I have recently analyzed the ions from a spark between fairly pure neodymium electrodes, and find that the masses at 148 and 150 belong to this element." Dempster had previously observed lines at 148 and 150 [141] but was unable to assign the element. Aston subsequently had suggested that these line belong to neodymium [142] .
149 Nd
The first detection of 149 Nd was reported in 1938 by Pool and Quill in "Radioactivity Induced in the Rare Earth
Elements by Fast Neutrons" [139] . Fast and slow neutrons were produced with 6. 
150 Nd
150 Nd was first identified by Dempster in 1937 as reported in "Isotopic Constitution of Neodymium" [140] . 148 Nd was identified in the mass spectrum produced by a spark between neodymium electrodes. "I have recently analyzed the ions from a spark between fairly pure neodymium electrodes, and find that the masses at 148 and 150 belong to this element." Dempster had previously observed lines at 148 and 150 [141] but was unable to assign the element. Aston subsequently had suggested that these line belong to neodymium [142] . 
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